INTRODUCTION
Addis, Poo and Lew (1) aptly demonstrated the importance of the liver as a storage place for protein substances. The extensive studies of Whipple and his associates (2, 3) allowed some insight into the magnitude of this protein storage and its availability during time of need. It also seems well established that the liver is the principal site of formation of albumin and fibrinogen and to a lesser extent of globulin (4) (5) (6) (7) (8) (9) (10) . In the presence of severe hepatic disease such as advanced cirrhosis, the functions of protein synthesis and storage are presumably inhibited and this inhibition is reflected by alterations in the various protein concentrations in the plasma. Supporting this concept are the observations (4, 5) which correlated the fibrinogen content of the blood with the degree of liver injury. Similarly, hypoalbuminemia has been established as a characteristic laboratory finding in patients with far advanced cirrhosis of the liver (6, 7) . Plasma protein concentrations cannot, however, be used as an index for total circulating proteins or plasma volume (11, 12) . It has already been shown that the plasma volume may be elevated in patients with cirrhosis of the liver (13) . In a previous communication (14) , data were presented from patients with cirrhosis of the liver, illustrating normal values for total circulating proteins despite the presence of low protein concentrations in the serum. The purpose of this communication is to record further data concerned with the plasma volume and the quantitative estimation of the various plasma proteins in patients with far advanced Laennec's cirrhosis of the liver.
MATERIAL AND METHODS
Twelve patients were chosen for this study. At the onset of investigation each patient exhibited edema, ascites, anemia, hepatomegaly, spider angiomata, and evidence of protein and multiple vitamin deficiency.
Patients with jaundice were excluded from the study. Biopsy specimens from the liver, obtained by means of peritoneoscopy from 10 of the patients, were consistent with the impression of far advanced Laennec's cirrhosis. The presence of complicating disease was excluded by means of venous pressure determinations, circulation times, electrocardiograms, renal function tests and roentgenograms of the entire gastrointestinal tract and chest.
All patients were men and ranged in age from 38 to 67 years. The average age for the entire group was 49.7 years.
Laboratory tests including hippuric acid excretion (intravenous procedure), bromsulfthalein excretion (5 mg. per kilogram of body weight), prothrombin time, cephalin-cholesterol flocculation and quantitative thymol turbidity were repeated at approximately biweekly intervals. As far as possible these laboratory procedures were obtained within 48 hours before plasma volumes and protein concentrations were determined.
Plasma volumes were determined in the fasting state at bed rest according to the method of Gibson and Evans (15) as modified by Gibson and Evelyn (16) . Dye free samples of serum obtained before the injection of T-1824 were used as control readings. Fifteen minutes was found sufficient time to permit thorough mixing of the dye. Plasma volume was finally estimated by extrapolation of the time-concentration curve of the dye. Predicted plasma volumes were estimated according to height (17) . Total blood volume was calculated from the simultaneous determination of the plasma volume and the venous hematocrit according to the formula (18) :
Plasma volume -100-hematocrit X 100 = blood volume.
The venous hematocrit was determined according to the method of Wintrobe modified by the use of a 4 ml. capacity tube. Total protein and albumin were determined according to the method of Howe (19) as modified by the use of Conway cells for the estimation of ammonia nitrogen (20) . Fibrinogen was determined by conversion to fibrin (21) and, after digestion, the estimation of fibrin nitrogen by means of the Conway cell procedure. All blood samples for nitrogen determinations, hematocrits and plasma volumes were obtained simultaneously.
During the period of observation each patient was maintained on a daily diet in excess of 3000 calories, 120 or more grams of protein, moderately low in fat venously or intramuscularly. After a three day rest peand containing approximately 2.7 grams of sodium chlo-riod this procedure was repeated. For reasons to be ride. Dietary therapy was augmented by vitamin supple-discussed it was felt that diuresis in this manner did ments and, in some patients at the beginning of the study, not appreciably influence the plasma volume. All patients by choline chloride and yeast. In a very few instances were considered semi-ambulatory. protein hydrolysates were given for a short period of time. For approximately the first half of the period of RESULTS observation each patient received ammonium chloride, 6 grams daily for three days, followed by the administraPersistently abnormal results for thymol turtion of 2 ml. of mercupurin or mercuhydrin either intra-bidity, cephalin-cholesterol flocculation, hippuric acid excretion and bromsulfthalein excretion were found in all patients throughout the study. Prothrombin time returned to normal in all patients soon after the institution of parenteral and oral vitamin K therapy. The results of these five tests were taken to indicate that persistent liver damage was present in each patient for the duration of the study. Table I contains the correlated data obtained from observations on plasma volume, serum protein concentrations and total circulating proteins in the 12 patients. Percentage deviation values for the various serum protein concentrations were based on the minimum normal values of 6, 4 and 2 grams per 100 ml. for total protein, albumin and globulin respectively (22) . The minimum normal values for the total circulating proteins in any given patient were obtained by use of these figures and the predicted plasma volume. Thus, any value for the individual total circulating proteins which exceeded the theoretical minimum normal value could be considered within normal limits for the patient.
It is apparent that the vast majority of the individual plasma volumes represent significant elevations above the predicted normal values. In 83 determinations, 68 (81.9 per cent) were more than 10 per cent above predicted values. Thirty (36.1 per cent) were more than 50 per cent above normal. In one patient (J. C.), nine of 12 determinations were more than 50 per cent above normal. Twelve determinations (14.4 per cent) were within plus-minus 10 per cent of predicted values. The three remaining determinations were more than 10 per cent below normal. Despite fluctuations, sustained elevations in plasma volume were present in most of the patients.
The total blood volume was estimated 79 times. Of these, 60 (75.9 per cent) were more than 10 per cent above predicted values. Eleven (13.9 per cent) were more than 50 per cent above normal. Of the remaining determinations, 14 (17.7 per cent) were considered to be within normal range and five (6.3 per cent) were more than 10 per cent below normal.
Total protein concentration in the serum was determined 84 times on the 12 patients. Of these, 34 (40.4 per cent) were below 6 grams per 100 ml. Three patients (A. B., C. P., E. D.), accounting for nine determinations, had total protein concentrations consistently above 6 grams per 100 ml. Thus, the remaining nine patients were considered to have had hypoproteinemia either consistently or at some time during the course of their study.
The quantity of total circulating protein was found to be within theoretical normal limits in 69 (86.2 per cent) of 80 determinations. Five patients (C. P., F. P., E. D., A. B., J. G.) had total circulating protein values consistently within the range of normal. These five patients accounted for 19 of the 80 determinations.
Albumin concentration in the serum was determined 82 times. Of these, 75 (91.4 per cent) were below 4 grams per 100 ml. Each patient exhibited hypoalbuminemia, as determined by concentration levels, almost consistently throughout his period of study. At no time did eight of the patients reach a normal value for albumin concentration.
The quantity of total circulating albumin was found to be within theoretical normal limits in 32 (41.0 per cent) of 78 determinations. Only one patient (J. G.) had consistently normal values. This patient accounted for six of the determinations.
Globulin concentration in the serum was determined 81 times. In only four instances was the globulin concentration below 2 grams per 100 ml. This represented 4.9 per cent of the total number of the determinations.
The quantity of total circulating globulin (77 determinations) was found to exceed the theoretical minimum normal values in every instance.
Fibrinogen concentration was determined 82 times. In 64 (78.0 per cent) the concentration was above 200 mg. per 100 ml. In 75 (94.9 per cent) of 79 determinations, the quantity of total circulating fibrinogen was found to be above the theoretical minimum normal values. One patient (J. C.), at a time when the plasma volume was 5080 ml., had a fibrinogen concentration of only 72.5 mg. per cent which represented a total circulating value of 3.6 grams. Another patient (H. R.) had moderately low values on two occasions; at one time the plasma volume was 2622 ml., the fibrinogen concentration 127 mg. per cent and the total circulating quantity of fibrinogen 3.3 grams. At another time the plasma volume was 2278 ml., the fibrinogen concentration 99.8 mg. per cent and the quantity of total circulating fibrinogen 2.2 grams. A third patient (A. D.) accounted for the fourth subnormal value. The plasma volume was 4550 ml., the fibrinogen concentration 126 mg. per cent and the quantity of total circulating fibrinogen 5.7 grams. At no time did any of the patients exhibit hemorrhagic tendencies which could be attributed to subnormal values for fibrinogen.
From these observations it is apparent that the serum protein concentrations alone cannot be used to estimate the quantity of total circulating proteins in patients with advanced Laennec's cirrhosis of the liver. It is also apparent that any estimation of the degree of protein synthesis depends, in part, upon the determination of total circulating quantities rather than concentrations in the serum. Thus, patients with low concentrations of proteins in the plasma may, by virtue of sustained elevations in plasma volume, have total circulating quantities within the limits of normal. These data, based upon the total number of individual determinations, are summarized in Table  II . Only three patients (J. C., J. G., C. W.) satisfied these criteria for improvement. The first two patients have been observed for four months following discharge from the hospital. The third (C. W.) has remained as a hospital employee. A fourth patient (F. P.), in whom temporary improvement occurred, failed towards the end of the study. Coincident with this failure to maintain an improved state was the demonstration of a filling defect in the stomach. Ability to maintain a quantity of total circulating albumin above predicted minimum values occurred in three of these patients and temporarily in the fourth (F. P.) despite the presence of hypoalbuminemia as estimated by concentrations in the serum. Another patient (J. R.) showed only moderate improvement while in the hospital and has not been adequately followed since discharge. One (G. 0.) has shown no improvement over a long period of time and one (T. M.) expired from his disease and complicating bronchopneumonia. These last three patients were not able to maintain a quantity of total circulating albumin above predicted minimum values.
Of the remaining five patients, all of whom were studied for less than 90 days, only two (E. D., C. P.) are making satisfactory progress. One (A. B.) left the hospital before response to treatment could be evaluated. Another (H. R.) expired in severe hepatic decompensation complicated by bronchopneumonia. The fifth (A. D.) expired following a "button" operation performed in another hospital without our knowledge. This patient had entered the hospital with a history of having had 96 abdominal paracenteses during the preceding 12 months. Routine studies revealed the presence of peritoneal tuberculosis complicating the cirrhosis. Despite this complication and the loss of large amounts of albumin in the ascitic fluid, a near normal quantity of total circulating albumin was maintained in the plasma until his demise.
Although this series is small, clinical improvement, based on criteria given above, could be correlated with ability to maintain a quantity of total circulating albumin above predicted minimum values. Since all of the patients exhibited subnormal concentrations of albumin in the serum, this correlation existed only in those who had sustained Observations relative to the average percentile deviation from the predicted plasma volume and from the minimum normal values for both concentrations and total circulating proteins for each patient are presented in Table III . In most instances fluctuations in plasma volume in any given patient were paralleled by similar fluctuations in the quantity of total circulating protein. This observation is illustrated in Figure 1 which records the data on one of the patients.
DISCUSSION
The sustained elevations in plasma volume in cirrhotic patients cannot be explained by behavior of the dye. Wide variations in protein concentration do not appreciably affect the optical density of T-1824 (23) . In accord with reports elsewhere (13, 24), we were unable to demonstrate the presence of the dye in the ascitic fluid as long as one hour after the intravenous injection of large amounts. On the basis that intra-abdominal pressure might act as a barrier preventing diffusion of the dye into the peritoneal cavity, the ascitic fluid was largely removed. Again, the dye failed to appear in the remaining ascitic fluid as long as one hour later under similar conditions. Under cer-IME AND (25) . In nearly all instances the patients reported here exhibited at least moderate degrees of anemia and reduced hematocrit values at some time during the course of their study. Inability of the cirrhotic liver to normally inactivate the posterior pituitary antidiuretic factor (26) and to normally inactivate and conjugate estrogens undoubtedly contributes to the elevated plasma volume in certain instances. The relation of the normal and pathologic liver to estrogen metabolism has recently been reviewed (27) . The water-retaining effect of estrogens (28) is now well known. The urine of cirrhotic patients with edema has been found to contain a potent antidiuretic factor (29) . Recently, a vasodepressor subtance (VDM) of hepatic origin has been shown to appear in the blood of decompensated cirrhotic patients (30) . Still more recently, it has been shown that cirrhotics with edema release only very small amounts of sodium into the urine (31) . Lastly, it has been suggested that the chief factors responsible for the elevated plasma volume are distension behind the point of portal obstruction and the increased size of the collateral vascular bed required to handle the portal circulation (13) .
Reference to the plasma volumes in any given patient in this series reveals no significant or consistent correlation with the presence or absence of anemia, edema or ascites. In the four patients in whom edema and ascites disappeared and, clinically, the nutritional state returned to normal, the plasma volumes remained elevated. Three of these improved patients had unusually high plasma volumes which were sustained throughout the study. Such elevations, in the absence of edema, cannot be explained on the basis of sodium retention, hypoproteinemia or disturbed estrogen metabolism. Since the plasma volume tends to increase in anemic states, anemia probably was a contributing factor in most of these patients. The presence of antidiuretic factors was not investigated but also would seem unlikely as a major cause of the elevation in the absence of edema. The patients reported here exhibited evidence of collateral circulation manifested by hemorrhoids, dilated superficial abdominal veins and esophageal varices. All had large livers and two had large spleens. Since the large liver and extensive collateral vascular bed must add a considerable increment to the capacity of the vascular system, it is suggested that a large portion of the sustained elevation in plasma volume in advanced Laennec's cirrhosis has its basis in this explanation.
Most of these patients received a mercurial diuretic and ammonium chloride at regular intervals during the first half of the study. Although small fluctuations in plasma volume occur during active diuresis, this is a temporary phenomenon and does not influence the sustained increase. Furthermore, inspection of plasma volume curves for each patient before and after diuresis revealed no significant alterations which could be attributed to the use of diuretics.
In some of the patients changes in plasma volume, at a time when hematocrits remained relatively constant, indicated tremendous increases in circulating red cell mass. In this respect it should be emphasized that determination of the circulating red cell mass by means of the plasma volume and hematocrit affords only a rough estimate. A macrocytic anemia was present at one time or another in all of the patients but not consistently so. Bone marrow studies were not obtained on these patients; however, other studies have indicated that increased erythropoiesis is frequently present in cirrhosis of the liver. Berman et al. (32) reports the consistent change in the bone marrow to be extension of the marrow organ so that active hematopoiesis is found in the shafts of long bones. The bone marrow is of normal or increased cellularity, with normal or increased erythrocytogenesis, regardless of the presence or absence of anemia.
Hypocellularity of the marrow was considered an unusual finding.
The clinical significance of the serum protein changes has been recently reviewed (33 3. Subnormal concentrations of proteins in the serum did not necessarily indicate subnormal quantities of total circulating proteins.
4. Clinical improvement was correlated with ability to maintain a normal quantity of total circulating albumin in four of the patients. It is suggested that this may be an important factor in determining prognosis in the cirrhotic patient.
5. It is possible for patients with advanced cirrhosis of the liver to show clinical improvement for long periods of time despite persistent impairment of liver function as determined by several hepatic function tests and despite the presence of subnormal concentrations of albumin in the serum.
